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Abstract
This paper deals with subjective evaluation of audiovisual signals, with emphasis on the interaction between acoustic and
visual quality. The subjective test is realized by a simple rating method. The audiovisual signal used in this test is a
combination of images compressed by JPEG compression codec and sound samples compressed by MPEG-1 Layer III.
Images and sounds have various contents. It simulates a real situation when the subject listens to compressed music and
watches compressed pictures without the access to original, i.e. uncompressed signals.
Keywords: subjective test, audiovisual signal quality, compression, JPEG, MP3.
1 Introduction
We come into contact with compressed images and
sounds every day. Compression is used to save space
on a disc or to maximize the speed of data transfers.
The compromise between compression and subjective
quality is still under investigation. A subjective test is
one way to ﬁnd it.
2 Methodology
Good guidelines on how to prepare subjective tests can
be found in [1] and [2]. A method without a reference
is good if the author of the test wants to model a real
situation. If he wants to compare something (such as
diﬀerent types of compression), methods with a ref-
erence are better. For more on methods, see Chap-
ter 2.2 in this paper. The choice of suitable subjects
is as important as a calibration in a physical measure-
ment. According to [1], subjects should have stable
emotions and physical condition, they should be well
motivated, they should present the typical reactions of
a focus group, they should be independent of the au-
thor, and they should not have information that could
inﬂuence them (about the compression formats, the
types of displays, the loud-speakers, etc.)
2.1 Psychometry
Psychometry is ﬁeld of psychology. It concerns mea-
surement of psychological eﬀects. Psychometric tests
evaluate the inﬂuence of sound and image stimuli on
humans. As subjective test is a type of psychometric
test in which the subjects evaluate, in our case, sound
and image quality in a deﬁned way. Based on subjec-
tive test results, new compression algorithms can be
programmed and new audiovisual technology can be
developed.
It is important to train subjects correctly on what
they are evaluating and how they should do it. The in-
structions, including the degree scale, should be com-
prehensible for people with no experience of subjective
tests. One of the most important considerations for
subjective evaluation is duplication. The same test
can be performed several times with the same sub-
ject, or the same test can be performed with several
subjects. The second version is more frequently used.
This method was implemented in the test described in
this paper. Opponents of subjective tests say that it
is not possible to achieve the same conditions all the
time, due to the inﬂuence of time and atmosphere, and
in addition each subject is an individual. Supporters
say that quite similar conditions can lead to good va-
lidity (see [1]).
2.2 Methods
Subjective tests can be implemented using various
types of methods. Two methods are widely employed.
The ﬁrst type comprises methods without a reference
(simple rating methods, Single Stimulus Continuous
Quality Evaluation – SSCQE, etc.), while the second
type consists of methods with pair comparison (Double
Blind Triple Stimulus with Hidden Reference – DBTS,
Double Stimulus Continuous Quality Scale – DSCQS,
Double Stimulus Impairment Scale – DSIS, etc.)
When a simple rating method is used, the subject
has to classify each sample on a metric scale. This is
most often a numeric or graphic scale, for more de-
tails on types of scales see [2]. The degrees of the scale
can be characterized by words, but more frequently a
maximum and a minimum are deﬁned.
SSCQE is a relatively new method for dynamic rat-
ing of video sequences, and it is suitable for an objec-
tive evaluation. The subject evaluates the quality of
a video sequence in time periods. For more on this
method, see [3], and for a comparison with DSCQS,
see [4].
In the DBTS method, the subjects listen to a ref-
erence signal and then two samples of an audio signal,
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one of which is the reference and the other is a com-
pressed signal. The subjects try to identify the com-
pressed signal and evaluate it. The reference signal is
evaluated by the best degree of the scale. A similar
method for visual signals is DSCQS. The sequence of
two samples is played twice. One is the reference and
the other is the compressed image. For more, see [5].
The DSIS method is quite similar, but the subjects
know that the ﬁrst image is the reference and second
image is compressed. This may be easier for the sub-
jects than classic DSCQS. For a comparison of the two
methods, see [6].
2.3 Compression formats
An audiovisual signal of a subjective test was realized
by JPEG pictures accompanied by MP3 compressed
sound. JPEG (JPG) is a compression standard which
has become the most widely used format for storing
digital photos. The principle of the whole algorithm
is described in [7]. MPEG-1 Layer III (MP3) is a very
popular sound format. For more about MP3, see [8]
and [9].
3 Subjective test
The main goal of this subjective test was to model the
real situation where people watch compressed images
on TV and listen to compressed music. Therefore the
subjects did not compare the samples of the audio-
visual signal with a reference. They evaluated each
sample. The simple rating method used a metric scale
from 1 (the worst) to 10 (the best).
3.1 Preparation and realization
All basic image and sound samples have diﬀerent con-
tents. It is important to eliminate situations where
some subject has a previous positive emotional bias
towards the signal contents, unlike another subject,
and automatically evaluates it more positively. The
inverse situation, when a subject has a negative bias
towards some content and automatically rates it neg-
atively should also be avoided. The test described in
this paper consisted of ﬁve basic samples, as listed in
Tab. 1a.
All photos were taken with a Nikon E8700 Coolpix
camera with 3 264×2 448 pixel picture resolution. The
quality was set up to 100 percent. The images were
compressed in Irfan View 4.23 software to JPEG with
qualities of 80, 60, 40 and 20 percent. All sounds were
taken from original CDs. Each original sound was a
WAV ﬁle with bit rate 1 411 kb/s, quantization 16 bits,
stereo signal with sample frequency 44.1 kHz modu-
lated by PCM. The samples were edited in Sony Sound
Forge 9.0, and in this software they were compressed to
MP3 format with bitrates 256 kb/s, 128 kb/s, 96 kb/s
and 64 kb/s. The subjects did not know which formats
and standards were being used in the test, because this
could have inﬂuenced their rating.
Table 1: a) List of samples, b) Authors of music
Image Music
1 Decoration Snow (Hey Oh)
2 Troubadours The Handsome Cabin Boy
3 Butterﬂy Jeux de vagues
4 Church Invitatorium Hodie Exultandum
5 Monte Carlo VROOOM
a)
Author (Album, Track)
1 Red Hot Chilli Peppers (Stadium Arcadium, 2 – CD1)
2 Sweeney’s Men (The Irish Folk Collection, 1)
3 Claude Debussy (Jean Fournet conducts Debussy, 5)
4 Schola Gregoriana Pragensis (Bohemorum Sancti, 1)
5 King Crimson (Thrak, 1)
b)
The main idea of this subjective test was to dis-
cover the interaction between acoustic and visual qual-
ity. There were ten combinations of compressed
sounds and images. Some of them were extreme (bet-
ter audio quality with worse visual quality, or worse
audio quality with better visual quality), while oth-
ers were compromises with medium quality of both.
A complete list of the combinations of compression is
shown in Tab. 2.
Table 2: Combination of sound and image compression
/average size of ﬁle – megabytes/
C. Image Format /MB/ Sound Format /MB/
1 JPEG (100 %) /1.55/ WAV (1 411 kb/s) /3.2/
2 JPEG (20 %) /0.3/ MP3 (64 kb/s) /0.15/
3 JPEG (60 %) /0.6/ MP3 (128 kb/s) /0.3/
4 JPEG (80 %) /1.03/ MP3 (256 kb/s) /0.6/
5 JPEG (40 %) /0.5/ MP3 (96 kb/s) /0.2/
6 JPEG (100 %) /1.55/ MP3 (64 kb/s) /0.15/
7 JPEG (20 %) /0.3/ WAV (1 411 kb/s) /3.2/
8 JPEG (60 %) /0.6/ MP3 (256 kb/s) /0.6/
9 JPEG (80 %) /1.03/ MP3 (96 kb/s) /0.2/
10 JPEG (40 %) /0.5/ MP3 (128 kb/s) /0.3/
Each basic sample of Tab. 1a was modiﬁed to all
ten combinations of Tab. 2. The whole test was com-
posed of ﬁfty samples. The length of each sample was
between 17 and 20 seconds. All samples were num-
bered from 1 to 50. After each sample there was a
black display with a white text: Rate example number
“x”, example number “x+ 1” follows” where “x” was
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a number of the sample being played. The subjects
had ten seconds for their rating, which they marked
on the test form. The length of the whole test was
25 minutes.
The subjective test was created in Sonic Foundry
Vegas 4.0 software as an AVI ﬁle. The resolution was
PAL DV (720×576 px/25 ﬁelds per second). The test
was conducted at the Department of Radioelectronics,
CTU FEE, in Room B3-552 (multimedia studio). The
display was realized using a Panasonic TH-50PX8EA
plasma monitor with 1 280× 768 pixel resolution and
high colour quality (32 bits). The monitor was con-
nected with the PC by HDMI (High Deﬁnition Multi-
media Interface). The sound system consisted of Event
Electronics TR8 (100 W/220 V/0.5 A) stereophonic
loud-speakers. The block scheme of the workspace is
shown in Fig. 1.
Fig. 1: Block scheme of workspace
The subjects evaluated all samples with regard
to subjective quality using the simple rating method.
They used a scale from 1 (worst quality) to 10 (best
quality). Before the start of the test they were in-
formed that it was not a pair comparison test with
a reference, and that they had to evaluate each sam-
ple independently. The order of the samples was gen-
erated by the Latin squares algorithm (for details,
see [12]). The frequency of the same types of samples
was not regular, so the subjects did not know which
of the ﬁve types of samples would come in order.
41 participants (33 male and 8 female) took part in
this subjective test. They were aged between 16 and
29 and one person was 36 years old. 21 of them wrote
in the answer sheet that they had experience of image
and sound processing.
3.2 Analysis and results
The whole statistic evaluation of the subjective test
was implemented in MATLAB 7.1. The data was en-
tered into a 50 × 41 matrix. The rows of the ma-
trix represent the samples, and the columns represent
the subjects. The mean value, standard deviation and
variance were calculated for all samples of the audio-
visual signal. The mean value fell between 4.5 and
7.5, the standard deviation fell between 1.3 and 2.3,
and the variance fell between 1.8 and 5.6. In some
subjective tests, a few of the last samples can be elim-
inated, but not in our test, because the variance in the
evaluation of the last samples does not show constant
growth. This indicates that fatigue of the subjects did
not inﬂuence our data.
Another element in evaluating this test was calcu-
lating the average values for all combinations of com-
pression according to Tab. 2. This was the sum of
all ﬁve values (one per type of sample according to
Tab. 1a) for each combination. This result was di-
vided by 5 (number of types of samples). Fig. 2 shows
the average values of all combinations. The values are
shown in Tab. 3.
Fig. 2: Average of the mean values and variances of each
combination
Table 3: Average of the mean values and variances of each
combination
Combination μ σy
1 100 %+WAV 6.37 3.01
2 20 %+64 kb/s 5.90 3.26
3 60 %+128 kb/s 6.29 3.21
4 80 %+256 kb/s 6.21 3.87
5 40 %+ 96 kb/s 6.50 3.10
6 100 %+64 kb/s 6.38 3.46
7 20 %+WAV 6.33 3.20
8 60 %+256 kb/s 6.29 3.71
9 80 %+96 kb/s 6.25 2.95
10 40 %+128 kb/s 6.37 2.93
The highest mean value is surprisingly for com-
bination no. 5 (40 % JPEG and MP3 with bit rate
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96 kb/s). The reason may be that people are used
to listening to compressed records rather than origi-
nal CDs. The combination of originals was given the
third highest mean value. The lowest mean value went
to the combination of the worst qualities. Almost all
combinations apart from the worst oscillated around
6.35. The highest variance was observed for combina-
tion no. 4 (80 % JPEG, MP3 with bit rate 256 kb/s).
Fig. 3: ANOVA (1 – experienced subjects, 2 – inexperi-
enced subjects)
The evaluation was performed for experienced and
inexperienced subjects, respectively. Experienced sub-
jects rated the samples with lower variance than in-
experienced subjects. The best rated combinations by
experienced subjects were no. 3 (60 % JPEG and MP3
with bit rate 128 kb/s) and no. 5 (40 % JPEG and
MP3 with bit rate 96 kb/s) with average mean val-
ues of 6.61 and 6.60 respectively. The combination of
originals was given a value of 6.48.
Inexperienced subjects rated no. 6 the best combi-
nation (original image with the worst sound quality),
with average mean values of 6.43, but the rate of both
types with original sound (nos. 1 and 7) was also high
(6.26 and 6.28). Combination no. 3 which received the
highest rating from experienced subjects was rated as
the second worst. Both experienced and inexperienced
subjects identiﬁed the combination of the worst qual-
ities well.
The diﬀerence between the mean values awarded
by experienced and inexperienced subjects was very
small, so there was a hypothesis that the mean val-
ues of both groups were almost the same. The results
of both groups were analyzed by ANOVA (analysis
of variance). For more on ANOVA, see [10]. Fig. 3
and Tab. 4 show the results for ANOVA. SS means
the Sum of Squares due to each source, df means the
degrees of freedom associated with each source, MS
is Mean Squares for each source, which is the ratio
SS/df , F shows the statistic, which is the ratio of
the MSs. The Prob value decreases as F increases.
Because of this result (F → 1) and because of the
mean values of both groups were quite similar, the hy-
pothesis can be applied. Fig. 4 and Tab. 5 show that
ANOVA was also applied to all subjects, but F was
too high and the same hypothesis was rejected.
Table 4: ANOVA (1 – experienced subjects, 2 – inexperi-
enced subjects)
Source SS df MS F Prob > F
Columns 0.893 5 1 0.893 48 1.28 0.259 9
Error 68.174 7 98 0.695 66
Total 69.068 2 99
Fig. 4: ANOVA (All subjects)
Table 5: ANOVA (All subjects)
Source SS df MS F Prob > F
Columns 2 144.82 40 53.620 6 18.62 0
Error 5 784.52 2 009 2.879 3
Total 7 929.34 2049
Another part of the evaluation was an analysis of
the mean value and variance of all combinations for
each type of sample for Tab. 1a. The x axis represents
the compression number according to Tab 2., and the
y axis shows the mean value or variance. This is like
in Fig. 1, but average values of all ﬁve types of sam-
ples were displayed there). Sample no. 1 (according to
Tab. 1a), a photo of decoration and music from Red
Hot Chilli Peppers, was rated very well. The best clas-
siﬁcation was given to combination no. 3 (60 % JPEG
and MP3 with bit rate 128 kb/s) and the worst combi-
nation was no. 6 (original image and the worst sound
quality). In this case, the subjects were inﬂuenced by
the sound quality.
The second sample (Troubadours and an Irish bal-
lad) was scored very low, and the subjects were more
inﬂuenced by the sound quality. Sample no. 3 (Butter-
ﬂy on the ﬂower, with music by impressionist composer
Claude Debussy) was scored very high. The variance
of the rating was very low. Combination no. 6 (original
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image and the worst sound quality) was given the high-
est mean value. The subjects were more inﬂuenced by
the image quality. Sample no. 4 (Church and Grego-
rian chant) was also rated well. The subjects evaluated
combination no. 7 (the worst image quality with orig-
inal sound) as the best. The subjects were probably
inﬂuenced by the sound quality.
The worst classiﬁcation was given to sample no. 5
(Monte Carlo panorama and music by King Crim-
son). The best classiﬁcation was for compromise com-
bination no. 10 (40 % JPEG with MP3 with bit rate
128 kb/s). In this case, the subjects were inﬂuenced
by the quality of the images.
Special attention is focused on each combination
according to Tab. 2. The values for each type of sam-
ple according to Tab. 1a are compared. The results
for combination no. 1 (originals) are shown in Fig. 5,
where the numbers on the x-axis represent the types
of samples, and the numbers on the y-axis represent
the mean value and variance.
Fig. 5: Mean value and variance – Image 100 %, Sound
WAV
The results of the other combinations were quite
similar for the mean value. The rating of each combi-
nation (according to Tab. 2) was not inﬂuenced by the
type of sample (according to Tab. 1a). The variances
were more varied. Samples no. 1, no. 3 and no. 4 were
regularly rated better than samples no. 2 and no. 5.
This result may be inﬂuenced by the selection of sub-
jects. Younger people mostly give preference to music
like sample no. 1, and they do not have much experi-
ence with classical music and Gregorian chant. After
the test, many of subjects said that they had recog-
nised marks of compression in samples no. 2 and no. 5.
On the basis of all the results, the subjects were inﬂu-
enced by the sound element of the sample in 1, 2 and
4, and they were inﬂuenced by the image elements of
the audiovisual signal in the case of samples no. 3 and
no. 5. More details about the whole subjective test are
given in [11].
4 Conclusion and discussion
This subjective test evaluated combinations of static
images and parts of sound records. The aim of the test
was to investigate the interaction between the sound
quality and the image quality of audiovisual signals.
Forty-one subjects evaluated ten combinations of com-
pressed audio and video signals. Each of ten combina-
tions, see Tab. 2, was applied to ﬁve types of samples
of diﬀerent content, according to Tab. 1a. Thus the
test was composed of ﬁfty samples in all. A simple
rating method was used (with a metric scale from 1 –
the worst to 10 – the best). As in real life, the subjects
had no reference when they were watching compressed
images and listening to compressed music.
It is interesting that a combination of 40 % quality
image and an MP3 record with a bit rate of 96 kb/s
was the best rated. A combination of 60 % quality
of the image and an MP3 record with a bit rate of
256 kb/s, and all combinations with the original sound
or the original image were also well rated. A combina-
tion of the worst image and the worst sound was the
worst rated. More experienced subjects had lower vari-
ance in their evaluation, but there was no great diﬀer-
ence between the mean values of experienced subjects
and inexperienced subjects.
Samples no. 1, no. 3 and no. 4 (according to
Tab. 1a) were regularly rated much better than sam-
ples no. 2 and no. 5. In the case of no. 1, no. 2 and
no. 4, the subjects were particularly inﬂuenced by the
sound quality, and in the case of no. 3 and no. 5 they
were particularly inﬂuenced by the image quality. The
type of situation determines whether people are more
inﬂuenced by sound quality or by image quality.
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